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1. Introduction 
Chemotactic factors bind to their specific receptors 
on the cell membrane and stimulate PMN to induce 
chemotaxis, degranulation,aggregation and superoxide 
(O;-) production [ 1,2]. Furthermore, some functions 
of PMN are modulated by preincubation with chemo- 
tactic factors. PMN preincubated with chemotactic 
factors lose their ability to directionally migrate in 
response to the same stimuli (chemotactic deactiva- 
tion) [3]. The chemotactic deactivation of human PMN 
induced by preincubation with FMLP are neither 
accompanied by a loss of binding sites for FMLP nor 
by a difference in the affinity for its receptors [4]. 
PMN degranulation is induced by chemotactic factors 
in the presence of cyt B, and chemotactic factor- 
induced cell aggregation is enhanced by cyt B. How- 
ever, the prior exposure of PMN to chemotactic factors 
before cyt B results in a time-dependent reduction of 
degranulation and cell aggregation, without altering 
the binding of cyt B as well as chemotactic factors 
(desensitization to cyt B) [5-81. These findings sug- 
gest that the alteration of subsequent responsiveness 
to chemotactic factors or cyt B may arise at a step 
beyond the binding of these stimuli to the cell mem- 
brane. 
Human PMN preincubated with FMP release O;- in 
response to the late addition of con A, WGA or cyt B, 
and both the retention of FMP molecules on the cell 
surface membrane and the activated state of cells 
Abbreviations: con A, concanavalin A; cyt B, cytochalasin B; 
FMP,N-formyl-methionyl-phenylalanine; FMLP, N-formyl- 
methionyl-leucyl-phenylalanine; Hepes, N-2-hydroxyethyl- 
piperazine-A”-2ethane sulfonic acid; PMN, polymorphonucle- 
ar leukocytes; WGA, wheat germ agglutinin 
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induced by FMPare required for maximum O;-release 
on contact with con A [9]. Similar findings were 
reported [ lo,1 11. We investigate here the kinetics of 
the responsiveness of FMP-pretreated PMN to the late 
addition of con A, WGA or cyt B, and evaluate whether 
Ca2+ actively contributes to the activation process 
induced by FMP or it only to the maintenance of the 
activated state induced by FMP. 
2. Materials and methods 
Cytochalasin B was purchased from Aldrich 
(Milwaukee WI); con A grade IV, cytochrome c type 
VI, FMP and superoxide dismutase from Sigma Chem- 
icals (St Louis MO);WGA from E. Y. Labs. (San Mateo 
CA). Cyt B and FMP were dissolved in dimethylsulf- 
oxide and diluted with Hepes-saline (isotonic saline 
solution buffered with S mM Hepes @H 7.4)) imme- 
diately before use. The final concentration of dimeth- 
ylsulfoxide in the reaction mixture was <5 d/ml. 
2 .l . Preparation of cells 
PMN were obtained from healthy adult donors by 
the dextran sedimentation and Conray-Ficoll method 
as in [9]. PMN preparations were suspended in Hepes- 
saline, and contained >98% PMN. 
2.2. Determination of PAW O;-production 
O;- was assayed by the reduction of ferricyto- 
chrome c spectrophotometrically, and the continuous 
assay was performed in a Hitachi 557 spectrophotom- 
eter (a double wavelength spectrophotometer; Hitachi, 
Tokyo), equipped with thermostatted cuvette holder 
as in [9,12]. The cell suspension was added to a 1 ml 
cuvette containing 2 mM glucose and 66 I.IM ferricyto- 
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chrome c to obtain a final volume of 0.985-0.99 ml. 
Final cell concentration was 1-2 X 1 06/ml. The reac- 
tion mixture in a cuvette was preincubated for 3 min 
at 37°C and the cuvette was put in a thermostatted 
cuvette holder (37°C) of a spectrophotometer and the 
reduction of cytochrome c was measured at 550 nm 
with a reference wavelength at 540 nm. Various stim- 
ulating agents (S-10 ~1) were added to the reaction 
mixture in cuvettes to obtain final volume of 1 ml 
and the desired concentrations of these agents, while 
the time-course of cytochrome c reduction (the absorb- 
ance change at 550-540 nm) was followed on the 
recorder. The final concentrations of stimuli were 
20 PM FMP, 5 pg cyt B/ml, 100 pg con A/ml and 
100 pg WGA/ml[9]. Where indicated, Ca2+ was added 
as chloride salt in a final concentration of 1 mM. Cyto- 
chrome c reduction by human PMN stimulated by 
various surface active agents used here was completely 
abolished by superoxide dismutase (20 pg/ml), and 
suggested to be specific for O,-. The O;- production 
was calculated from cytochrome c reduced for 10 min 
after the addition of cyt B, for 3 min after the addition 
of con A and for 5 min after the addition of WGA, 
respectively (fig.1). The values of cytochrome c 
reduced in the resting states were subtracted from 
those in the stimulated states. In addition, O,- pro- 
duction induced by FMP alone was subtracted from 
that induced by the combination of FMP and another 
agent (cyt B, con A or WGA) to evaluate the net effect 
of cyt B, con A or WGA. As the absolute amount of 
O;- production by PMN differed from individual to 
individual, the representative data of the experiment, 
which was done in duplicate, are shown. Each exper- 
iment was repeated 34 times with qualitatively simi- 
lar results. In these experiments, cell viability by 
erythrosine B dye exclusion test was >95%. The sta- 
tistical analysis employed was Student’s t-test. 
3. Results and discussion 
As shown in fig .I, when PMN were challenged with 
FMP and 5 min thereafter exposed to cyt B, con A or 
WGA, remarkable O,- release was seen after the addi- 
tion of cyt B, con A or WGA, and the increase of O;- 
release was significantly larger than the sum of the 
two increments induced by the two agents separately 
as in [9]. The enhancement of O;-release was also 
seen even when FMP and another agent (cyt B, con A 
or WGA) were added simultaneously. However, the 
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Fig.1. O;- production by human PMN stimulated by the 
simultaneous or sequential addition of stimuli. Cell concen- 
trations used were 2 X 106/ml. Left: 20 JIM FMP, 1 mM Ca2+ 
and 5 ~(g cyt B/ml (100 pg con A/ml or 100 pg WGA/ml) 
were added simultaneously. Right: Cells were challenged with 
20 PM FMP plus 1 mM Ca*+, and 5 min thereafter exposed to 
5 fig cyt B/ml (100 pg con A/ml or 100 Mg WGA/ml). Arrows 
(t) indicate the points of addition. 
time interval between the addition of FMP and anoth- 
er agent was critical to induce the maximum O;- pro- 
duction according to the agents used. Oi- production 
induced by the sequential addition of FMP and cyt B 
was much less than that induced by the simultaneous 
addition of FMP and cyt B, whereas O,- production 
induced by the sequential addition of FMP and con A 
(or WGA) was much larger than that induced by the 
simultaneous addition of FMP and con A (or WGA) 
(fig.1). 
To study the kinetics of the responsiveness to the 
late addition of cyt B, con A or WGA, PMN were pre- 
incubated with FMP for various times from O-5 min, 
and thereafter exposed to cyt B, con A or WGA. 
Extracellular Ca2+ was added with FMP or added later 
with another agent (cyt B, con A or WGA) to evaluate 
the role of Ca’+. As shown in fig.2A, cyt B-induced 
O;- production by PMN preincubated with FMP and 
Ca2+ decreased rapidly in a time-dependent fashion. 
The reduction of O;- releasing response to the late 
addition of cyt B was more rapid when PMN were 
preincubated with FMPin the absence of extracellular 
Ca’+. These findings are similar to the previous works 
in lysosomal enzyme secretion and cell aggregation 
induced by the chemotactic factors (FMLP and C5a) 
and cyt B (time-dependent desensitization to cyt B) 
[ 5-81. When extracellular Ca2+ was omitted through- 
Volume 128, number 1 FEBS LETTERS June 1981 
6; release 
n mol/lO m1n/2~10~ PMh 
2A 
0 1 2 3 L 5 
mln Cyt B added after FMP 
d; release 
n mol/5 m1n/2~10~ PMiu 
2B 
2L 
16 
Ii------ 
0 1 2 3 L 5 
mn WGA added after FMP 
6; release 2c 
n mol/3 mIn/2x106 PMN 
/ 
. 
12. 
IO - 
. 
a- 
/ . 
y / 
L l ,./’ 
\ 
.A’ 
A’ 
2- 
A_,/ 
. .._-p----m _._-.-----9 
0 *I 
0 1 2 3 L 5 
mln Con A added after FMP 
FMP+ Co”-, Cyt B 
FMP -f Cd=Cyt B 
FMP+ Cyt B 
FMP+ Cd++ WGA 
FMP+ WGA 
FMP_) CGWGA 
FMP+C?+Con A 
FMP+ Ca’: Lon A 
FMP+Con A 
out the reaction, cyt B-induced O,-production by 
FMP-pretreated PMN was markedly diminished and a 
rapid loss of responsiveness to cyt B was seen (fig2A). 
On the other hand, con A- or WGA-induced O;- pro- 
duction by PMN preincubated with FMP in the 
presence of extracellular Ca2+ increased in a time- 
dependent fashion as the time interval between the 
addition of FMPand con A (or WGA) was lengthened, 
whereas PMN preincubated with FMP in the absence 
of extracellular Ca2+ showed the initial reduction of 
responsiveness to the late addition of con A (or WGA) 
plus Ca’+, which was followed by the time-dependent 
increase (or recovery) of the responsiveness (fig.2B,C). 
When extracellular Ca2+ was omitted throughout the 
reaction, the responsiveness to the late addition of 
con A was markedly diminished, whereas statistically 
no significant difference was seen in the responsiveness 
to WGA whether or not Ca2+ was added with WGA. It 
is unlikely that the time-dependent increase of O;- 
production in response to the late addition of con A 
or WGA may reflect the number of FMP molecules 
on the cell membrane, since the binding of chemotactic 
peptides to their receptors on human PMN is rapid 
with a t,,, < 2 mm at 37°C [ 11. In addition, the bind- 
ing of chemotactic peptides to their receptors is not 
affected by the presence or absence of extracellular 
Ca2+ [ 131. FMLP had been shown to transiently 
increase the steady-state level of cell-associated “Ca2+ 
in the presence of extracellular Ca2+, whereas it tran- 
siently decreased the steady-state level of cell-associ- 
ated 4sCa2+ in the absence of extracellular Ca2* [ 141. 
These findings and the fact that the initial reduction 
was reversed by adding extracellular Ca2+, suggest hat 
the initial reduction of O;- production may be associ- 
ated with the initial decrease of exchangeable Ca2+ of 
Fig.2. Effect of preincubation time with FMP on (A) Cyt B-, 
(B) Con A- or (C) WGA-induced O;- production by human 
PMN. (0) FMP + Ca2+ -+ cyt B (con A or WGA); PMN were 
challenged with 20 PM FMP plus 1 mM Ca*+, and at the indi- 
cated times thereafter exposed to 5 pg cyt B/ml (100 pg 
con A/ml or 100 pg WGA/ml). (A) FMP-* Ca2+ + cyt B 
(con A or WGA); PMN were challenged with 20 PM FMP in 
the absence of extracellular Ca2+, and at the indicated times 
thereafter exposed to 1 mM Ca2+ plus 5 fig cyt B/ml (100 pg 
con A/ml or 100 pg WGA/ml). (=) FMP + cyt B (con A or 
WGA); PMN were challenged with 20 NM FMP, and at the 
indicated times thereafter exposed to 5 pg cyt B/ml (100 pg 
con A/ml or 100 pg WCA/ml). Ca2+ was omitted throughout 
the reaction. 
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cells preincubated with FMP in the absence of extra- 
cellular Ca2+ and that Ca2+ may actively cont~bute to 
the activation process by FMP rather than the mainte- 
nance of the activated state induced by FMP [9]. 
As described in [9], the enhancing effect of FMP is 
almost, but not comp~ete~y,abolished when FMPmo~- 
ecules are washed out from the cell surface membrane 
after preincubation with FMP for 5 min at 37°C sug- 
gesting that the enhancement of O;- production may 
result from the interaction between FMP-receptor 
complexes and another ligand-receptor complexes. 
Chemotactic factors activate many metabolisms of 
PMN including the metabolism of membrane phos- 
pholipids [ IS,1 61. It is conceivable that FMP-induced 
changes of cell membrane may affect the interaction 
between FMP-receptor complexes and another ligand 
(cyt 3, con A or WGA)-receptor complexes on the 
cell membrane. 
These experiments have shown that the subsequent 
O;- releasing response of human PMN to the late addi- 
tion of cyt 3, con A or WGA is modulated by the 
prior exposure to a chemotactic peptide (FMP) and 
that the modulating effect is rapid and influenced by 
extracellular Ca’+. The time-dependent loss of respon- 
siveness to cyt B (desensitization to cyt B) do not 
imply a general functional hypo-responsiveness of 
FMP-pretreated PMN, since the same cells release 
remarkable O,- in response to con A or WGA. There- 
fore, these cells are rather activated [9,17]. It is pos- 
sible that the same metabolic events induced by FMP 
may be responsible not only for the increased respon- 
siveness to con A or WGA but also for the decreased 
responsiveness to cyt B. 
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